Conformational flexibility of the regulatory site of phosphoribulokinase as demonstrated with bifunctional reagents.
Phosphoribulokinase (PRK) is one of several chloroplastic enzymes whose activity is regulated by thiol-disulfide exchange via thioredoxin. Activation entails reduction of an active-site disulfide bond between Cys16 and Cys55. Bifunctional cross-linking reagents have been used to approximate the interresidue distance between Cys16 and Cys55, an issue which impinges on the relative conformational states of the activated and deactivated forms of the enzyme. Spinach PRK is rapidly inactivated by stoichiometric levels of 4,4'-difluoro-3,3'-dinitrodiphenyl sulfone (FNPS) or 1,5-difluoro-2,4-dinitrobenzene (DFNB), which span 9 and 3.5 A, respectively. ATP, but not ribulose 5-phosphate, retards the rate of inactivation, suggesting that modification has occurred at the nucleotide binding domain of the active site. Sulfhydryl modification is indicated by partial reversibility of inactivation as effected by exogenous thiols. Tryptic mapping by reverse-phase chromatography of [14C]carboxymethylated enzyme, subsequent to its reaction with either FNPS or DFNB, demonstrates modification of Cys16 and Cys55 by both reagents, and formation of only one major chromophoric peptide in each case. On the basis of the sequence analysis of the purified chromophoric peptides, Cys16 and Cys55 are cross-linked by both FNPS and DFNB. Thus, the intrasubunit distance between the beta-sulfhydryls of Cys16 and Cys55 is dynamic rather than static. Diminished conformational flexibility upon oxidation of the regulatory sulfhydryls to a disulfide may be partially responsible for the concomitant loss of enzymatic activity.